Personal radio frequency electromagnetic eld (RF-EMF) exposure, or exposimetry, is gaining importance in the bioelectromagnetics community but only limited data on personal exposure is available in indoor areas, namely schools, crèches, homes, and oces. Most studies are focused on adult exposure, whereas indoor microenvironments, where children are exposed, are usually not considered. In our study, a method to assess spatial and temporal indoor exposure of children and adults is proposed without involving the subjects themselves. Moreover, maximal possible daily exposure is estimated by combining instantaneous spatial and temporal exposure. In Belgium and Greece, the exposure is measured at 153 positions spread over 55 indoor microenvironments with spectral equipment. In addition, personal exposimeters (which measure the EMF exposure of people wearing them during their daily activities) captured the temporal exposure variations during several days up to one week at 98 positions. The data were analyzed using the robust regression on order statistics (ROS) method to account for data below the detection limit. All instantaneous and maximal exposures satised international exposure limits and were of the same order of magnitude in Greece and Belgium. Mobile telecommunications and radio broadcasting (FM) were most present. In Belgium, digital cordless phone (DECT) exposure was present for at least 75 % in all the indoor microenvironments except for schools. Temporal variations of the exposure were mainly due to variations of mobile telecommunication signals. The exposure was higher during daytime than at night due to the increased voice and data trac on the networks. Total exposure varied the most in Belgian crèches (39.3 %) and Greek homes (58.2 %). * 1Department of Information Technology, Ghent University / iMinds Gaston
Introduction
Electromagnetic eld exposure of the general public is nowadays assessed with narrowband equipment and personal exposure meters (exposimeters).
Very little is known about radio frequency electromagnetic eld (RF-EMF) exposure in everyday life in indoor environments such as schools, crèches, homes, and oces. In the last few years, research focus was on exposures in outdoor environments (urban and rural) such as public transportation, cars, and few about oces and homes (Frei et al., 2009; Joseph et al., 2008 Joseph et al., , 2012 Thuróczy et al., 2008; Viel et al., 2009) . Röösli et al. (2010) and Mann (2010) discuss measurement protocols for exposimeters. Personal exposimeters are devices worn on the body. These register the electric elds in the presence of the subject that wears the device. Exposimeters are calibrated in free space and their accuracy strongly depends on the position on the body, given that multipath fading combined with shadowing by the human body result in large eld variations for varying measurement positions (Thielens et al. 2013) . Almost never child exposure is considered, moreover indoor data for schools, crèches, homes, and oces are mostly lacking. In Tomitsch et al. (2010) In this paper, spatial and temporal RF exposure is assessed in Belgian and Greek schools, crèches, oces, and homes in dierent environments (rural, suburban, urban and urban dense) . In Belgium and Greece, exposimeter and narrowband measurements with spectrum analyzers are performed at in total 55 indoor location (schools, crèches, oces, and homes). At every indoor location, zones and rooms of maximal exposure were considered.
The objective of this paper is to present a method to assess spatial and temporal indoor exposure of children and adults without involving them. Moreover, extrapolation of spatial exposure to maximal daily exposure is performed by combining instantaneous spatial exposure and temporal exposure. In particular, three objectives are of interest, namely (i) to assess RF exposure in typical indoor microenvironments and also where children are often present, by performing spatial, instantaneous narrowband measurements with a spectrum analyzer,
(ii) to characterize the evolution of RF signals during 24 hours in dierent indoor microenvironments and in various environments, by assessing temporal variations with exposimeters, and (iii) to extrapolate the maximum eld values using the instantaneous narrowband measurements and a scale factor calculated from the temporal measurements.
Materials and methods

Indoor microenvironments and environments
The investigated indoor microenvironments were homes, schools, crèches, and working oces. The considered environments were rural, suburban, urban and dense urban environments. In Belgium, measurements were performed at 29 indoor locations (10 schools, 11 crèches, 3 oces and 5 homes) and in Greece at 26 indoor locations (5 schools, 10
homes with babies and pre-school children, 5 oces and 6 homes). These indoor environments were located in four dierent environments (urban, urban dense, suburban, and rural) categorized based on population density and the expected amount and time of trac (Joseph et al., 2009, Joseph and Verloock 2010) . Table 1 For the spatial measurements, a total number of 116 and 36 narrowband measurements were performed in Belgium and Greece, respectively. Per indoor microenvironment temporal exposimeter measurements were carried out in at least one room. In Belgium, also temporal exposimeter measurements occurred in a second room. For schools, a classroom for children between 6-12 years and a classroom for pre-school children (3 to 6 years) were considered. In Greece the selected classrooms were either for children from 6-12 years old or for junior highschool children (13-15 years). Furthermore, in
Greece, measurements were performed in teachers' room where indoor sources (such as DECT devices) are usually installed. For crèches, the bedroom of the baby's and infants (below 3 years) and the playing room or zone with highest exposure were con- 
Temporal measurements
The temporal measurements were performed with two types of exposimeters. In Belgium, the EME SPY 140 (ES 140) is was used, whereas in Greece both the EME SPY 140 and the EME SPY 121 
Spatial measurements
After starting the exposimeter measurement, a broadband measurement was performed in the room to locate the spot or area of maximum exposure. The location of highest exposure was identied through sweeping the area at a height of 1.5 m above oor level with a broadband probe. This is a typical height to characterize human exposure (ECC, 2004; CENELEC, 2008) . This height can be seen as a worst-case assessment, where mainly the head region of children is considered (CENELEC, 2008 ).
The Narda ΝΒΜ-550 combined with an EF0391 probe and PMM-EP330 were used for these measurements in Greece and Belgium, respectively (Narda, Pfullingen, Germany).
The broadband measurements were followed by a frequency-selective measurement. In Belgium, the The measurement uncertainty is ±3 dB for the considered setup (CENELEC 2008 , Joseph et al. 2012 ). This uncertainty represents the expanded uncertainty evaluated using a condence interval of 95 %. In Greece, the selective radiation meter SRM-3000 (Narda, Pfullingen, Germany) was 
Temporal analysis
The temporal measurements aim at characterizing the time evolution of the RF signals during a day in terms of summary statistics, i.e., percentile values p x (where x denotes the percentile value). These measurements were performed with exposimeters.
To reduce instantaneous variations of a signal and to emphasize the trend of a signal during a longer time period, an averaging method was applied on the dataset. According to international exposure guidelines, two averaging periods were considered, i.e., 6-min (ICNIRP 1998) and 30-min period (FCC 2001) . Since a large proportion of the exposimeter measurements was censored, i.e., below the lower detection limit of the exposimeter, the robust regression on order statistics (ROS) method was applied to determine the summary statistics of the power density S (µW/cm
2 ) for each 30 min interval (95th percentile values) (Röösli et al., 2008 , Helsel et al., 2005 . To apply ROS the following condition has to be met: a minimum number of 50 samples and this for 24 hours (statistically relevant amount of samples (Lee, 1993) ) has to be found above the lower detection limit of the exposimeter. Extrapolation to determine maximal electric-elds using exposimeter data
On the one hand, exposure varies with time due to changes in the network load and environmental changes (i.e., fading). On the other hand, exposure is mostly measured at a particular point in time using a frequency-selective measurement setup. These are typically designated as spot measurements. Estimating maximal exposure, thus, requires the knowledge of the time evolution of the exposure. In this study, the time evolution was measured by exposimeters. We calculated the summary statistics of the electric eld recorded by the exposimeter -after applying robust ROS to cope with nondetects -in 30 minute intervals. In every time interval a scale factor sf of an RF signal was dened as the ratio of the selected percentile value of the electric eld strength of the RF signal and the maximum percentile value of the eld strength over a complete day, i.e., 24 hours.
with E X the X th percentile of the electric-eld strength of an RF signal (FM, TV, GSM, UMTS, etc.) measured with the exposimeter in the time interval T (30 min), and max(.) the maximum value over the time interval T. The scale factor is a measure for the daily variation of the RF-EMF exposure.
The maximal exposure or electric-eld value of a certain signal was estimated from the narrowband measurements E SA performed during a time interval T 0 and sf in the same time interval:
with sf(T 0 ) the scale factor of an RF signal at the time interval T 0 when the frequency-selective measurements were performed.
The temporal variation var of a signal X is dened as the relative maximal deviation of the scale factor sf: Table 2 ). Compared to Belgium, DAB, TETRA; and PMR were not measured in Greece. The other signals were omnipresent in Greece except for DECT in oces and digital TV.
In Belgium only GSM900 DL was measured at every position.
In Belgium, DECT was mainly encountered in creches, oces, and homes (≥ 75 %) and less frequently in schools (20 %). Besides DECT, WiFi 2G
was also frequently measured in indoor microenvironments. In Greece, WiFi 2G was measured at all indoor locations whereas in Belgium WiFi 2G was mainly encountered in oces (omnipresent) and homes (> 65 %). In schools and creches, WiFi 2G was less available (≤ 25 %) in Belgium.
Considering only the broadcasting signals (FM, DAB, and digital TV), FM (≥ 80 %) was the most observed, followed by digital TV and DAB (presence between 30 % and 100 %).
Total RF exposure for the dierent indoor environments Table 3 summarizes the narrowband measurements, performed in Belgium and in Greece, for the considered indoor microenvironments: the maximum (E max ), average (E avg ), and the standard deviation (std) of electric-eld strengths per RF signal.
All measured electric-eld strengths satised the ICNIRP guidelines for general public (ICNIRP, 1998) . In Belgium, the highest maximal total (cumulative) eld value was measured in an oce and equals 3.6 V/m. This value is 10 times below the ICNIRP reference levels and mainly due to In more dense environments exposure was typically higher because more RF signals were present in these environments. With respect to the type of indoor microenvironment, no signicant dierences are observed in Belgium (Figure 2(a) ), whereas in Greece the highest exposure was meaured in oces followed by creches and homes, and schools. In one Belgian oce, total exposures were strongly dominated by the TV signal. This value is omitted from the CDF to enable visual comparison (Figures 2(a) and (b)). Table 2 provides the proportions of measurements above the detection limit of the exposimeter for each frequency band in Belgium and Greece.
Power density contributions per indoor environment
Except for GSM900 UL, the percentages in both countries agreed well. Proportions ranged from 3 % (TETRA, Greece) to 90 % (GSM900 DL, Belgium). The measurements in the two countries occurred following a joint protocol namely, broadband measurements, followed by narrowband measurements and temporal measurements with exposimeters.
The settings of the equipment were exactly the same. So, study design was performed jointly and similar. There were some dierences (e.g., in Greece, 7 additional narrowband measurements were performed in the middle of the room) but these were not considered in this study. 
